One of the main properties of a three-dimensional (3D) video is the large amount of data, which impose challenges for network transport of videos, in applications such as digital video broadcast (DVB), streaming over IP networks, or for transmission over mobile broadband. Addressing these challenges requires a thorough understanding of the characteristics and traffic properties of 3D video formats. We analyzed 3D video formats using publicly available long video frame-size traces of videos in full high definition (HD) resolution with two views. Examined 3D video representation formats are the multiview (MV) video format, the frame sequential (FS) format, and the side-by-side (SBS) format. We performed a multifractal analysis through extensive simulation and showed multifractal properties of 3D video representation formats. It was shown that the MV video had the highest multifractal nature, while the FS video had the lowest. Also, a part of the multifractal spectrum connected to the highest changes in the signal (high bitrate variability) is analyzed in detail. Changes in multifractal properties for different streaming approaches of 3D videos with aggregated frames are examined, as well as the influence of frame types and values of quantization parameters. Multifractal analysis was performed by the method of moments and by the histogram method.
Introduction
A three-dimensional (3D) video contains several views of a video scene, which provide depth perception for a viewer. 3D video representation formats with one frame sequence are labeled as the frame compatible format, ones with two frame sequences are the stereoscopic multiview format, while ones with more video sequences as the multiview video format [1] [2] [3] [4] [5] .
The quantity of data for the multiview video representation format is significantly higher than in the case of the conventional single-view video and presents a restriction on storage and transmission of the video. As the number of applications for this video constantly grows, beyond already steadily present cinema applications, towards home and mobile uses, several important issues should be addressed and some problems resolved.
3D video representation formats
In this section, an overview of the 3D video representation formats, their coding principles, and streaming approaches are presented, [4, 5, 38, 39] . We analyze and compare three main 3D video representation formats: the MV video, the FS video, and the frame compatible (FC) video formats.
Overview of 3D video formats
The MV video contains several views, where each view v, v = 1, . . . , V is one frame sequence. This video format has full resolution of the underlying spatial format in each view. Also, frame rate f for each view v of the MV video is the same as in the underlying temporal format. For instance, for full HD 1, 920 × 1, 080 pixel MV video format with a frame rate f = 24 frames/s, each view has 1, 920 × 1, 080 pixel frames and frame rate f = 24 frames/s. For the coding of the multiview video format, multiview video coding (MVC) is used. This type of coding, in addition to temporal and spatial redundancy, utilizes inter-view redundancy. Thus, ITU reference software, referred to as JMVC, first encodes frames of the left view and then uses these frames as reference frames for encoding frames of the right view [23] .
The FS video format has only one frame sequence, where frames from different views are interleaved. The spatial resolution of the FS format is the same as in the underlying spatial format. The frame rate of FS format is Vf , where V is number of frames and f is the frame rate of the underlying temporal format. Coding of the FS video format is done by a conventional single-view video encoder, such as JSVM reference implementation of the scalable video coding (SVC) extension of advanced video coding (AVC) encoder [22] .
Frame compatible (FC) formats allow utilization of existing infrastructure and equipment for transmission and services for 3D videos. This format has one video sequence with frame rate f that is the same as in the underlying temporal format. FC formats have lower spatial resolution than the underlying spatial format. For example, for the most widely used FC format, the SBS format, frames are spatially sub-sampled in horizontal direction. For instance, for full HD 1, 920 × 1, 080 resolution, the left and the right views of the SBS format have 960 × 1, 080 pixel frames. These sub-sampled frames are interleaved into one frame in full HD resolution. As in the case of the FS format, SBS representation also uses conventional single-view video encoder for coding.
3D video traces
For an evaluation of multifractal properties in order to estimate traffic characteristics of 3D videos, long, publicly available, frame-size video traces are used [4, 16] . We examined 3D videos with two views (V = 2) in the MV, http://jwcn.eurasipjournals.com/content/2014/1/181 the FS, and the SBS representation formats. Coding of the multiview video is performed by applying reference software JMVC (version 8.3.1), while for coding of FS and SBS formats, H.264 reference software JSVM (version 9.19.10) in a single-layer encoding mode is used. Each view had 51,200 full HD 1, 920 × 1, 080 pixel frames and the frame rate f = 24 frames/s. We performed evaluations with Tim Burton's movie Alice in Wonderland, which is a movie with a combination of live action and computer animation. We analyzed different 3D representation formats of this movie and videos with different quantization parameter settings. The values of quantization parameters in the main analysis were q p (I, P, B) = (28, 28, 28) . Additionally, videos with quantization parameters q p (I, P, B) = (24, 24, 24) , q p (I, P, B) = (34, 34, 34) , where the parameters that are the same among the frame types, and videos with quantization parameters q p (I, P, B) = (15, 15, 21) , q p (I, P, B) = (20, 20, 26) , q p (I, P, B) = (24, 24, 30) , and q p (I, P, B) = (30, 30, 36) , have been analyzed as well. In the main analysis, GoP length for the MV and SBS formats was 16 frames. The FS format had GoP with 32 frames, which means that all encodings have the same playback time between intracoded (I) frames. GoP pattern in the main analysis was B1, which means one bi-directional (B) frame between successive intracoded (I) and predictive encoded (P) frames, while additional consideration was performed on B7 pattern videos.
Streaming of 3D videos
Streaming of the SBS representation format is performed frame by frame, where each frame is integrated from spatially sub-sampled frames from the LV and the RV, and with the same frame rate as with the underlying temporal format. Streaming of the MV representation format can be performed in several different ways. The basic way of streaming the MV video is to stream each view individually. A second streaming option is to perform some kind of merging of views, such as sequential (S) merging or aggregation by combining (C). With sequential merging, frames from different views are used to form one sequence in the following order: first view 1 of frame 1, followed by view 2 of frame 1,. . . , followed by view V of frame 1, followed by view 1 of frame 2 . . . We also name this signal as the CV. With aggregation streaming approach, multiview frames are formed, where one multiview frame is the sum of all frames with the same frame number from different views. For the FS format, a sequential and aggregation streaming approach can be applied. Aggregation of frames on the level of two frames performs smoothing of the data across V = 2 views. This approach can be further extended on the level of 16 frames, one GoP of the encoder. Aggregations of two frames are labeled as CV-C 2 for the multiview representation format and FS-C 2 for the frame sequential format, while aggregations of 16 frames are labeled as CV-C 16 and FS-C 16 in the following text.
Estimation of multifractal properties
Fractals can be viewed as sets with visual expression of a region drawn in black ink against white paper. Most natural phenomena cannot be expressed in terms of contrast between black and white, and they demand more general mathematical objects that embody the idea of 'shades of gray' . These more general descriptors are called measures. For instance, measures can represent level of ground water, pixel values from pictures, or frame sizes as in our case. When a measure performs high variability at all scales, and when the variability is the same at all scales, or at least statistically the same, one says that the measure is self-similar or that is multifractal. Self-similar sets have a property that each piece (regardless how small) is identical to the whole after some rescaling and translation, [28, 29, 40, 41] .
A process that fragments a set into smaller and smaller components according to a rule and at the same time fragments the measure of the components by another rule is called a multiplicative process or cascade. The simplest multiplicative process is a binomial cascade.
For characterization of multifractals, only one number, such as fractal box-counting dimension D, is not sufficient. If a set S supporting a measure μ is covered by boxes of size and if the number of boxes N( ) is evaluated, one can determine box-counting dimension as N( ) ∼ −D . A problem with this characterization is that the value of the measure in each box is disregarded.
Usually, density of probability defined as μ(S)/ E , where E is the Euclidian space dimension, would be used to describe properties of the data, but as → 0, this characterization loses its meaning. Instead, the density becomes embodied in a quantity,
called coarse Hölder exponent. This quantity is the logarithm of measure of the box over the logarithm of the size of the box. Usually, α is restricted to a region [ α min , α max ], where 0 < α min < α max < ∞.
Once α is determined, the next step is to find the frequency distribution of α. For each value of α, number of boxes N (α) that have coarse Hölder exponent equal α is determined. As in the previous case, determining a probability of hitting the value α and further distribution of these probabilities does not have meaning because as → 0, these values no longer converge to a limit. This is why weighted logarithms and a function
are required. This function for → 0 converges to a limit f (α). The definition of f (α) means that for decreasing the box size , the number of boxes with coarse Hölder exponent equal α, N (α), increases by the scaling rela-
, usually called a multifractal spectrum or f (α) curve, has for some simple types of multifractals (such as binomial cascade) shape of mathematical symbol . For some multifractals f (α), the curve can lean to one side.
Alternatively, quantity α is called singularity strength, while f (α) represents singularity or Hausdorff singularity, and f (α) curve is labeled as f (α) singularity spectrum. Singularity α follows local changes in the signal, while f (α) provides global characteristics of data, [28, 29, [42] [43] [44] ].
An empirical self-similar measure has only one, nth, stage of measure known. So, for the evaluation of multifractal spectrum, previous stages of measure reconstructed by coarse-graining the measure are necessary. Given the discrete data, the smallest measures are the given nth stage, and it is for the size of the boxes = 1. Sum of all measures in a stage is one, or normalized to one.
In our research, two methods for obtaining an estimate of f (α) curve are used: the method of moments and the histogram method. The method of moments is chosen as a method in which f (α) converges to f (α) the fastest, resulting in a short execution time. The second histogram method has slower convergence of f (α) to f (α) and slower execution, but has a tendency to show additive processes in signal and allows inverse multifractal analysis (determination of the exact part of data with chosen values of pair (α, f (α))). Also, these two methods are different in the way they handle the data, where the method of moments tends to smoothen the data, while the histogram method handles raw data and has less approximation.
The method of moments
The first step in evaluating a multifractal spectrum by the method of moments is covering the self-similar measure with non-overlapping boxes of size k . We have used values = [ 1, 2, 4, 8, 16] for the size of boxes. Now, partition functions, defined as
are calculated, where q is the moment order, q ∈ R, and μ( ) is the total measure in the boxes of size . Function τ (q) is estimated as the slopes of plots log(X q ( )) versus log( ). Coarse Hölder exponent α(q) is now calculated by numerical differentiation of τ (q) over q values. Finally, minimization over q for equation
which is known as Legendre transform is performed [28] . Plotting f (α) versus α gives an estimation of the multifractal spectrum. Using the method of moments, in addition to multifractal spectrum f (α), it is possible to evaluate D q spectrum, where
Values D q are known as generalized dimensions [29, 45] . Especially interesting are dimensions for q = 0, q = 1, and
is equal to the maximum of the multifractal spectrum f (α), when the most probable α occurs, labeled as α 0 . Dimension D 1 is called information, because it is proportional to μ log(μ) that scales similarly to the information for probability distribution. The correlation dimension D 2 defines probability that two randomly chosen points are on the distance grater than . These generalized dimensions and D q spectra are evaluated for our data using (5) . It has been shown that minimal values of multifractal spectra correspond to q → −∞ for α max and to q → ∞ for α min . Also, maximal values of partition function are found for (α min , f (α min )), while minimal values occur for (α max , f (α max )) [29] .
An algorithm for evaluation of multifractal spectrum by the method of moments is also implemented using sliding boxes, instead of non-overlapping, for covering the measure. The results for these additional tests are the same as in the previous method for q > 0, but for q < 0, the multifractal spectrum for sliding boxes shows missing undefined values of the spectrum. This is characteristic of some fractals as reported in [28] .
The histogram method
The histogram method of determining multifractal spectrum starts with covering the measure with boxes of size . In the case of this method, f (α) slowly tends to f (α). So, for better estimation, instead of non-overlapping boxes, sliding boxes are used to cover the measure.
We used n = 8 different sizes of boxes, with the following values = [1, 3, 5, 9, 13, 21, 29, 37] , and therefore k is indexed with k = 1, 2, . . . , n . For each k , total measure of the boxes is determined, μ i,k , where i = 1, 2, . . . , n. Length of the data and k values determine the value of n, where for the smaller box size, the larger number of total measures exists. For easier calculation, all measures are stored in matrix M, where the size of the matrix is [ n ×n], for the largest possible n (the smallest k ). Coarse Hölder http://jwcn.eurasipjournals.com/content/2014/1/181 exponents α i , i = 1, 2, . . . , n are now determined as slopes of plots log( 
For discussion of multifractal properties, it is important to know that α min corresponds to the highest value of the measure, while α max is related to the smallest and the smoothest data.
Simulation results
We examined 3D video representation formats: the MV video and its different views (the LV, the RV, and the CV), the FS format, and SBS format, discussed in the previous section. Multifractal properties of 3D video representation formats are calculated using the method of moments and the histogram method. First, we present the results obtained by the method of moments, that has a higher level of approximation, and later, the results by the histogram method that handles raw data.
Multifractal analysis by the method of moments

Multifractal spectra
In this section, calculated multifractal spectra of examined 3D video representation formats by the method of moments are presented. We first analyze spectra of the views of the multiview video and spectra of different 3D video formats; then, we proceeded to examine multifractal spectra of different streaming approaches of the videos, influence of quantization parameters values, and frame types on multifractal properties.
Multifractal spectra of different views of the multiview video and spectra of different 3D video representation formats are presented in Figure 1 a,b. It can be seen that among the views of the multiview 3D video, the highest variability, that is the smallest values of α, is present in the case of CV, followed by LV, while RV, the video with the smallest frame sizes, has the lowest burstiness. A comparison of multifractal properties by multifractal spectra for different 3D video representation formats shows the highest burstiness in the case of CV of the multiview video, followed by the SBS 3D video representation format, while the FS format has the lowest level of burstiness. It should be noted that although the SBS format falls between the other two 3D formats in the sense of smallest values of α, the values of f (α) in this part of the spectrum for SBS are higher than those for the other two formats. This means that the highest values of the frames for this video are more frequently present than for the other two formats.
In the sense of variability, as it was presented, the FS 3D video format shows better properties than the CV 3D format, but an aggregated streaming approach can make an advantage for the CV 3D video. We analyzed multifractal properties by spectra for videos with aggregated frames (aggregation levels 2 and 16) for FS and CV, and in Figure 2 , these results are presented. It can be seen that the smallest values of α are in all cases higher with than without aggregation (comparison with multifractal spectra in Figure 1) . A difference in burstiness between the FS and CV format is lower for aggregation level 2, and approximately the same for level 16. Also, a closer look to the right side of the spectra (α > 1) in Figure 2 indicates Multifractal spectra were examined for videos with different quantization parameters q p . Regardless of the 3D video representation format, very similar changes occur in the spectra with the change of quantization parameters. As an example, results for CV of multiview 3D video are presented in Figure 3a . These spectra show that the video with the smallest value of quantization parameters has the lowest burstiness. The other side of the spectrum (the right-hand side) shows that the video with the smallest value of q p has the highest level of small values, and with a high level of f (α), these events are frequent in the video. The experiment is repeated in the case of the multiview 3D video with quantization parameters different than those used in the main analysis (q p (I, P, B) = (24, 24, 24) , q p (I, P, B) = (28, 28, 28), and q p (I, P, B) = (34, 34, 34) ) on the video with GoP G16B7 and values of quantization parameters q p (I, P, B) = (15, 15, 21), q p (I, P, B) =  (20, 20, 26), q p (I, P, B) = (24, 24, 30) , and q p (I, P, B) = (30, 30, 36) . Results from this analysis are presented in Figure 3b , and as in the case of the previous set of quantization parameters, they show wider multifractal spectra for higher values of quantization parameters, meaning higher variability. Also, the values of α min have lower values, connected to the highest burstiness, in the new set of quantization parameters.
Multifractal properties given by the spectrum are examined for different frame types, I, P, and B, for examined 3D video formats. These results are shown in Figure 4 . Multifractal spectra for I frames show that this frame type has very similar multifractal properties, regardless of representation format, which is a consequence of a very similar way of coding these frame types for different 3D videos. The left-hand sides of these multifractal spectra (α < 1), where high values and big changes in the signal are present, show small values of α for P frame types, then very close are I frames, and the highest values in the lefthand side of spectra for B frames. Although, P frames have the smallest values of α, I frames have higher value of f (α) which means more frequent higher values.
Multifractal properties are usually presented using multifractal spectra, as it was done previously, but by extracting characteristic points of the spectrum, it is possible to conduct a more accurate, but narrower, quantitative comparison. Numerical results for characteristic points of the spectrum -f max , α(f max ), α min , and α max , by the method of moments, for 3D video representation formats are given in Table 1 . It can be seen that in all of the cases, values for f max and α(f max ) are very close to 1. Also, the values of α(f max ) given in Table 1 show that RV has the smallest value α(f max ) of 1.0216, that is the simplest structure in the most frequent case, while LV has the highest value of α(f max ) of 1.1007. The most prominent burstiness (the smallest value α min ) from the results of Table 1 is present in the case of CV of the multiview 3D video of α min = 0.6023, while the lowest level of burstiness is present in the case of RV of α min = 0.8377. In the cases with aggregated frames, burstiness is lower (higher values of α min ), so for CV, α min grows from 0.6023 without aggregation to 0.7357 for aggregation of two frames and to 0.7668 for aggregation on the GoP level, while for FS format it goes from 0.7119 without aggregation to 0.8508 (aggregation of 2 frames) and 0.7331 (aggregation of 16 frames). Aggregation of frames to the great extent improves the level of burstiness of CV of the multiview http://jwcn.eurasipjournals.com/content/2014/1/181 3D video format and puts it in this sense closer to FS 3D format.
Generalized dimensions
In addition to multifractal spectra, the method of moments allows calculation of generalized dimensions not only from a multifractal spectrum (as other methods), but also directly calculating from values of τ and q. We have chosen the latter approach. In Table 1 , generalized dimensions D 0 (the fractal dimension), D 1 (the information dimension), and D 2 (the correlation dimension) for 3D video representation formats are given. Dimensions D 0 are approximately in all cases equal to 1. Values of f max , given in Table 1 , are actually values of D 0 directly from the multifractal spectrum, and they are all also very close to 1. These values mean that the mostly present fractal dimension is approximately equally probable for all 3D video representation formats. If we order 3D video formats by their values of information and correlation dimensions, as presented in Table 1 , a very similar regularity would be observed. The highest correlation dimension is in the case of the CV video, followed by LV, SBS, FS, and RV videos. In the research about traffic characteristics of 3D video formats [4] , where the same 3D videos are used, the order of the videos by CoV criteria is exactly the same as in our results for the order of the video by values of the correlation dimension D 2 . Aggregation on the level of 2 frames of the videos leads to lower values of CoV and closer characteristics of the CV and FS formats (CV CoV moved from 1.3334 to 1.0731 and for FS moved from 1.0338 to 0.8108), which is consistent with higher and closer values of the correlation dimensions for these formats. Values for CoV for aggregation of 16 frames (on the level of GoP) for CV and FS for the movie Alice in Wonderland are not given in [4] , but by repeating and extending their research, we found CoV for CV-C 16 to be 0.7416 and for FS-C 16 0.6507, which means that CV and FS videos in the sense of coefficient of variation are even closer together. The same regularity can be observed by looking in correlation dimensions D 2 , given in Table 1 , where the dimensions are getting higher and closer. According to the values of CoV and D 2 , the FS 3D format has slightly smoother traffic than the CV multiview 3D format, even with aggregation, but based on the burstiness, that is, the highest for the smallest value of α min , CV-C 16 has better properties than FS-C 16, as presented in our results of the multifractal analysis given in Table 1 .
The method of moments allows simple calculation of a generalized dimension spectrum, using function τ (q). These spectra and the function τ (q) for different views of the multiview 3D video are shown in Figure 5 . It can be seen that RV, the view that utilizes inter-view prediction and has the smallest frames, has the narrowest range of generalized dimensions D q , while LV and CV have similar but higher range of values.
Multifractal analysis by the histogram method
Multifractal spectra 3D video representation formats are examined in a multifractal sense using the histogram method. Multifractal spectra are provided having in mind different views of the multiview video, different 3D video formats, different streaming approaches, quantization parameter values, and frame types.
Multifractal spectra obtained by the histogram method for different views of multiview 3D video and for different 3D representation formats are shown in Figure 6a ,b, respectively. Views of the multiview 3D video have different complexity of data (frame size sequences), where RV has the lowest complexity, while CV and LV have similar higher complexity, given the diversity of the dimensions in each spectrum. Also, the maximum of multifractal spectrum for RV is the highest (most frequent case), while singularity α(f max ) is the lowest in comparison to LV and CV. Multifractal spectra for CV of multiview 3D video, FS and SBS 3D representation formats show that the highest width of the spectrum (the most complex data) is present http://jwcn.eurasipjournals.com/content/2014/1/181 for CV, followed by SBS, while the least complex structure is found in the case of the FS format.
Multifractal spectrum of RV has two dominant bumps in the top of the spectrum, as a consequence of the two processes present in the data -P and B frame types in the signal that are formed using LV frames as a reference. Similar, but a less distinctive process, is present in the case of CV spectrum. Additive processes could not be observed in multifractal spectra by the method of moments, because that method has a higher level of approximation. An advantage of the histogram method for multifractal spectra is the ability to show these processes. The method is used for the reason that it is interesting for examining influences of the system on data, such as the network parameters influence on the data traffic.
As stated in [4] , the FS 3D format has better properties in the sense of variability than the MV 3D format, but with frame aggregation (for a pair of consecutive frames, or for 16 consecutive frames -one GoP) video sequences show better performance in the variability for both of the formats, especially for MV 3D that becomes similar to FS. These results are confirmed in our study using multifractal analysis by the method of moments and further analyzed for burstiness that is particularly important for the data traffic. Video sequences with aggregated frames were analyzed by the multifractal spectrum using the histogram method. These results are shown in Figure 7 . The dominant change in the spectra, for videos with aggregation, is in the location of the spectrum maximum α(f max ) that represents complexity of the structure in the most frequent case. Both 3D formats, FS and CV, have a less complex structure, lower α in the most frequent case, for sequences with aggregation. A slight improvement is observed for aggregation of 2 frames, and higher for aggregation on the GoP level. Parameter f max of the FS and CV spectra is very similar.
Due to the complexity of the multifractal spectra obtained by the histogram method, for an easier comparison, some important points from the spectra are numerically represented in Table 2 . From Table 2 , it can be seen that a band of multifractal spectra B m , defined as B m = α max −α min , is the lowest for RV of the multiview 3D video, the view that utilizes inter-view prediction. Between 3D video representation formats, the lowest range of singularities is for the FS 3D video format. A band of multifractal spectra is wider for CV than for FS, but aggregation streaming approach gets CV multifractal characteristics closer to the values for the FS video. Table 2 Comparison of multifractal spectra properties obtained by the histogram method; Influence of the quantization parameter q p is examined by the multifractal spectrum using the histogram method. It is concluded that a higher value of q p leads to higher α(f max ) -a more complex structure, but also lower f max which means that other dimensions are more significant in the signal. As an example, the results for CV of the multiview 3D video format and q p = 28 are shown in Figure 8 .
Multifractal spectra obtained by the histogram method for isolated frame types: only I frames, only P frames, and only B frames for different 3D video representation formats are presented in Figure 9 . The smallest changes in the multifractal spectra were found for the I frame type, given the similarities of coding for this frame type, regardless of the 3D video format. A maximum of multifractal spectra is the lowest for I frame types, followed by the maximum for B frame types and for the P frame types. A slowest decline of the multifractal spectrum around its maximum is for the I frame type that is a consequence of the structure with a large number of different dimensions with significant presence in the signal. Multifractal spectra for P and B frames have faster fall and fewer dimensions with large presence in the signal. For an isolated frame type, a sequence with only P frames has multifractal spectrum with smallest α min , which means highest burstiness. Similar conclusions were drawn from multifractal spectra by the method of moments. The connections between the multifractal spectra for CV, SBS, and FS formats for only I, only P, and only B frames are the same as in the case of sequences with all frame types. 
Inverse multifractal analysis
An advantage of the histogram method for obtaining multifractal spectrum, in addition to visibility of different processes in signal (mentioned earlier for multifractal spectrum of RV and CV), is the possibility of an inverse multifractal analysis. This means that it is possible to observe a spectrum, and for particular points of the spectrum (values of α and f (α)), it is possible to find the exact data in the signal that correspond to these values. Inverse multifractal analysis is illustrated in Figure 10 . It can be seen that for small values of α, that correspond to burstier part of the signal, isolated data are the highest frame sizes, while for the high values of α, some of the smallest frames are extracted from the video.
Conclusions
We analyzed properties of 3D video representation formats: the MV video representation format with multiview video coding and the FS and the SBS formats coded with a conventional single-view video encoder. We determined multifractal properties by the method of moments and by the histogram method for three main 3D video http://jwcn.eurasipjournals.com/content/2014/1/181 representation formats with two views using long publicly available HD 1, 920 × 1, 080 resolution video frame-size traces.
We showed that 3D video formats are multifractal and can be modeled as such in traffic network models. In the paper, we present and compare the obtained multifractal spectra as a whole and isolate and compare important points of the spectrum -the most probable singularity of the spectrum that describes multifractal nature of the structure in the most probable case and the smallest value of singularity that is related with the highest burstiness (high bit variability) of the videos. Our results show that MV has the highest bitrate variability and the highest multifractal nature (for the most probable singularity in the spectrum), while the FS video format has the smallest values of these parameters. Obtained results for bitrate variability of 3D videos are compared with the values of a traditionally used statistical parameter for this purpose, the CoV, and showed good agreement.
Our analysis shows and compares multifractal properties of 3D videos with different quantization parameters. It was found that a video with a higher value of quantization parameters (higher compression ratios) shows higher multifractal nature, as well as higher burstiness. Isolated intracoded (I) frames, predictive encoded (P) frames, and bi-directional (B) frames are analyzed. It is shown that I frames have very similar multifractal spectra regardless of the 3D video representation format. It was also shown that B frames, the smallest frames, have the narrowest multifractal spectrum. With the highest bitrate variability (the smallest value α min ), P frames show rare prominent parts of the signal, while in comparison, I frames have higher α min but with the higher probability of this singularity.
Results presented in this paper can be beneficial for the traffic smoothing improvement and for the design of more efficient statistical multiplexing. Elementary smoothing techniques over video frames assume their aggregation [20] . The results of the multifractal analysis on the signals with performed smoothing technique based on aggregation of adjacent frames, for all types of the examined 3D video formats, are presented. The smoothing approach is applied for 2 frames (the number of views in the examined 3D video in all formats), as well as for 16 frames (the http://jwcn.eurasipjournals.com/content/2014/1/181 number of frames in the group of pictures), showing that generally there is lower variability in the signal by using this approach. Particularly significant improvement in the values of multifractal characteristics was noticed for the MV video. These results can further be used for improving the smoothing techniques of 3D videos, in applications such as smoothing with prefetching [33, 46] , more precisely in the sense of estimating the bursty traffic, in the process of its management and control, in order to handle it first.
Multifractal parameters calculated in the analysis (multifractal spectra and generalized dimensions) can be used for creating improved multiplexing methods. In [47] , fractal properties are used for creating an efficient multiplexing method. Statistical multiplexing methods that pay special attention on the type of frames for their improvement [36] can also potentially improve the performances, having in mind multifractal properties of different frame types that we provided in the paper.
Determined multifractal properties of 3D representation formats have possible application in statistical multiplexing, to develop methods for selection of optimal multiplexer parameters and/or better utilization of available network capacities. Also, the results can be used to analyze how introduction of 3D formats in the same multiplexer with 2D formats affects characteristics of the channel. A complete understanding of the multifractal properties will contribute to the analysis of the behavior of a 3D video signal in a statistical multiplexer, which is a subject of current research.
